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ABSTRACT 
Decametric observat ions of J u p i t e r  obtained a t  Goddard 
Space F l i g h t  Center and Carnarvon, A u s t r a l i a ,  during t h e  1967 
appa r i t i on  a r e  summarized and discussed. From a n a l y s i s  of 563 
hours of observa t ions  a t  16.7 MHz and 682 hours of observat ions 
a t  22.2 MHz, t h e  over -a l l  p robab i l i t y  of occurrence of a c t i v i t y  
was found t o  increase  a t  16.7 MHz but  decrease a t  22.2 MHz when 
compared t o  r e s u l t s  from the  previous appar i t ion .  There is 
evidence for a r e l a t i v e  increase  i n  t h e  p r o b a b i l i t y  of occurrence 
of Io-cont ro l led  emission a t  both f requencies ,  however. Examina- 
t i o n  of t h e  long term v a r i a t i o n  of t h e  system 111 longi tude and 
occurrence p r o b a b i l i t y  of t h e  main emission region shows t h e  
d a t a  t o  be c o n s i s t e n t  w i t h  t h e  hypothesis t h a t  t h e r e  is a quasi-  
c y l i c  v a r i a t i o n  i n  t h e  occurrence p r o b a b i l i t y  s t a t i s t i c s  and 
apparent r o t a t i o n  r a t e  although such an e f f e c t  is st i l l  not 
f u l l y  understood. Analysis of t h e  i n t e n s i t i e s  of storms a s  a 
f u n c t i o n  of 1 I11 sugges ts  t h a t  a c t i v i t y  from the  Io-control led 
B source is c o n s i s t e n t l y  more in tense  than a c t i v i t y  from other  
regions.  A catalogue of t h e  observat ions is included i n  an 
appendix . 
DECAMETER WAVELENGTH OBSERVATIONS OF JUPITER 
OCTOBER, 1966 - MARCH, 1967 
Period of Days of Ave . occ. 
Frequency S i t e  Observations Observ. hr/day Prob 
16.7 MHz GSFC 7.X.66-14,111.67 134 4 0 2  0.14 
22.2 MHZ GSFC 7.X.66-14.111.67 108 3.2 0 . 024 
22.2 MHz Car'von 12.X.66-8.1.67 82 4.1 0 . 032 
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FIGURE 1. Sample recordings of emission from Cassiopia  A 
(upper l e f t ) ,  t h e  Jovian B source (upper r i g h t ) ,  
t h e  Jovian A source (lower l e f t ) ,  and t h e  Jovian 
C source (lower r i g h t ) .  
Observations were confined t o  t i m e s  between t h r e e  hours 
before  t o  t h r e e  hours a f t e r  meridian t r a n s i t .  I n  each observing 
per iod ,  those po r t ions  of the  data which were f r e e  from i n t e r -  
f e rence  were sub-divided i n t o  five-minute i n t e r v a l s  of Universal  
Time. Each five-minute i n t e r v a l  was inspec ted  f o r  evidence of 
J u p i t e r  a c t i v i t y  and, i f  present ,  t h e  mean and peak antenna 
temperatures due t o  J u p i t e r  for t h e  i n t e r v a l  were sca led .  For 
a s i g n a l  t o  be i d e n t i f i e d  with J u p i t e r ,  i t  had t o  be equal  t o  
or g r e a t e r  than  t h r e e  times t h e  r m s  noise  l e v e l  of t h e  system 
and had t o  have a c l e a r l y  discernable  in te r fe rometer  f r i n g e  
p a t t e r n  of t h e  proper per iod.  These c r i t e r i a  confined t h e  
a n a l y s i s  t o  J u p i t e r  a c t i v i t y  w i t h  i n t e n s i t i e s  g r e a t e r  than about 
5 x W/M /Hz and dura t ions  longer than about s i x  minutes. 
Each event was c l a s sed  a s  (1) poss ib le ,  (2) probable ,  or 
(3) d e f i n i t e  J u p i t e r  a c t i v i t y  and on ly  events  i d e n t i f i e d  a t  
confidence l e v e l s  2 or 3 were used i n  compiling t h e  r e s u l t s  t o  
be d iscussed  below. 
2 
The observa t ions  a r e  p lo t t ed  as a func t ion  of t h e  system I11 
(1957,O) c e n t r a l  meridian longitude of J u p i t e r  (1111) and t h e  
depar ture  of Io from super ior  geocent r ic  conjunct ion (610) i n  
Figure 2. The t h i n  l i n e s  i nd ica t e  t h e  per iods  when t h e  c r i t e r i a  
f o r  good observa t ions  were s a t i s f i e d ,  and t h e  heavy l i n e s  show. 
t h e  times a t  which J u p i t e r  a c t i v i t y  of I D  c l a s s  2 or 3 occurred. 
Although t h e r e  a r e  s t i l l  some combinations of 1111 and $10 f o r  
which observa t ions  a r e  m i s s i n g ,  t h e r e  is a notab le  improvement 
i n  t h e  amount of d a t a  a v a i l a b l e  a t  22.2 MHz when compared t o  t h e  
observa t ions  of t h e  previous year. Th i s  is p a r t i a l l y  due t o  
improved observing condi t ions  a t  t h e  Goddard s t a t i o n  which afforded 
longer observing per iods  and a l so  due t o  t h e  add i t ion  of t h e  
second observing s i t e  loca ted  near ly  180° of longi tude  from Goddard. 
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FIGURE 2. P l o t s  of t h e  observat ions ava i l ab le  f o r  
ana lys i s  and t h e  per iods of a c t i v i t y  a s  a 
func t ion  of t he  system 111 (1957.0) longi tude  
of t h e  c e n t r a l  meridian (1111) and t h e  depar ture  
of Io from supe r io r  geocent r ic  conjunct ion 
($10). 
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In  Figure 3 w e  have p l o t t e d  occurrence p r o b a b i l i t y  
histograms f o r  J u p i t e r  a c t i v i t y  a s  a f u n c t i o n  of 1111, $10, 
and t h e  system I11 (1957.0) longi tude of Io (1111 I o ) .  A t  
16.7 MHz the  longi tude  of t h e  region A occurrence p r o b a b i l i t y  
peak appears t o  have decreased s l i g h t l y  between 1966 and 
1967; a t  22.2 WIz t he  longi tude  of the A r eg ion  peak does 
cot; appear t o  have increased  by more than  5 O .  
p r o b a b i l i t y  of occurrence is less than  for  the  previous year 
a t  22.2 BlMz but  s u b s t a n t i a l l y  g rea t e r  a t  16.7 MHz. The i n c r e a s e  
a t  16.7 WIz is p a r t i a l l y  due t o  t h e  occurrence of a c t i v i t y  f o r  
Oo < 1111 
The histograms f o r  the v a r i a t i o n  o f  occurrence p r o b a b i l i t y  
versus  Io phase show pronounced peaks near 90° and 240' which 
a r e  much more ev ident  than  i n  t h e  d a t a  f o r  t he  ppevious appari-  
t ime  Although t h e  effect is due, i n  p a r t ,  t o  the  improved 
observing s ta t i s t ics ,  there a l s o  appears  to have been a genuine 
i n c r e a s e  i n  Io-controlled emission. 
when Io is over 1111 
magnetic pole. I n  O l e d h i l l ' s  model of t h e  Jovian  magnetosphere 
( G l e d h i l l ,  1967) one would expect a peak i n  occurrence p r o b a b i l i t y  
near 1111 I o  = 150° and a l a r g e r ,  broader peak near 1111 Io = 240° 
a r i s i u g  from the  passage of Io thrbugh a disk-shaped concent ra t ion  
of plasma i n c l i n e d  t o  Io's o r b i t a l  p lane  by about 7 O .  
I o  histograms a r e  n o t  i ncons i s t en t  w i t h  t h a t  model. 
decametric r a d i a t i o n  p e r t a i n s  t o  the  long term v a r i a t i o n  of 
occurrence p r o b a b i l i t y  and apparent r a d i o  r o t a t i o n  r a t e .  From 
observa t ions  of t h e  1111 of t he  main source  region from year t o  
year, workers a t  Yale (Douglas and Smith, 1963) and F l o r i d a  
The average I 
50° where a c t i v i t y  is r a r e l y  seen  above -15 MHz. 
The t h i r d  p a i r  of plo ts  show a maximum occurrence p r o b a b i l i t y  
20S0, i.8. near -  longi tude  of the  North 
The 1111 
One of t h e  most i n t e r e s t i n g  problems concerning the  Jovian 
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FIGURE 3 .  Occurrence p r o b a b i l i t y  histograms a s  a f u n c t i o n  
of 1111, #Io, and 1111 of Io for o b s e r v a t i o n s  
from October, 1966 through March, 1967.  
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(Smith, e t  a l ;  1965) found t h a t  t h e  r a d i o  r o t a t i o n  per iod  
appeared t o  increase  by about 0.8 seconds i n  1961. More 
r e c e n t l y  Gulkis and Carr (1966) suggested t h a t  t h e  apparent 
r a d i o  r o t a t i o n  r a t e  d r i f t s  cyclically with a per iod  of 11.9 
years  ( J u p i t e r ' s  o r b i t a l  period) due t o  beaming of t h e  r ad ia -  
t i o n .  S imi l a r ly ,  t h e  p robab i l i t y  of occurrence of a c t i v i t y  
shows long term cycl ic  v a r i a t i o n s ,  and Douglas (1964) has 
suggested t h a t  t h i s  e f f e c t  might be r e l a t e d  t o  t h e  d e c l i n a t i o n  
of t h e  e a r t h  a s  seen from J u p i t e r ,  i . e .  t o  beaming of t h e  
r a d i a t i o n .  I n  Figure 4 w e  have p l o t t e d  t h e  s y s t e m  I11 (1957.0) 
longi tude of t h e  main source peak and t h e  peak occurrence proba- 
b i l i t y  of t h e  main source region versus  t i m e  f o r  22.2 MHz d a t a  
from Yale (Douglas , 1964),  F lor ida  (Shever , 1967) and Goddard. 
The d a t a  on t h e  p o s i t i o n  of the  main source reg ion  a r e  c o n s i s t e n t  
w i t h  t h e  model proposed by G u l k i s  and Carr .  However it is not 
p re sen t ly  poss ib l e  t o  exclude t h e  a l t e r n a t e  hypothesis  t h a t  
t h e r e  was a r e l a t i v e l y  abrupt change i n  t h e  r o t a t i o n  r a t e  i n  
1961 and then a change back t o  t h e  o l d  r a t e  i n  1964. That is, 
t h e  d a t a  can a l s o  be f i t t e d  w i t h  a series of t h r e e  s t r a i g h t  
l i n e s .  The idea  of a quasi-cycl ic  v a r i a t i o n  of t h e  apparent 
r o t a t i o n  r a t e  is phys ica l ly  more a t t r a c t i v e ,  and indeed t h e  occur- 
rence p r o b a b i l i t y  d a t a  appear t o  show a s t r o n g  c y c l i c  v a r i a t i o n  
having a per iod t h e  order  of 10-12 years .  Fur ther  observa t ions  
w i l l  be requi red  t o  r e so lve  t h i s  problem. 
The peak antenna temperatures f o r  each f i v e  minute i n t e r v a l  
of a c t i v i t y  have been sca l ed  as a p a r t  of t h e  reduct ion  of t h e  
analog records ,  and these d a t a  havebeen used t o  s tudy t h e  v a r i a t i o n  
~f average i n t e n s i t y  with 1111, @Io, and 1111 Io. The r e s u l t s  
a r e  i l l u s t r a t e d  i n  Figure 5 which shows t h e  v a r i a t i o n  of average 
i n t e n s i t y  with 1111 (1967.0) f o r  t h e  1966-67 da ta  from t h e  Goddard 
s t a t i o n .  The da ta  have been smoothed by c a l c u l a t i n g  t h r e e  poin t  
- 8 -  
280" 
260" YALE UNIV. 
- 
--- GULKIS & CARR 22.2 MHz 
x UNIV. FLORIDA - 
\ 
0 GODDARD 1' T 
FIGURE 4. 
1955 1960 1965 
TIME 
1970 
0.3. 
0.2 - 
0.1. 
0.0 I I 1 1 I 1 I 1 I I I I I 
1955 1960 1965 1970 
TIME 
Long term v a r i a t i o n  of 1111 of t h e  reg ion  A 
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running averages. The r e s u l t s  correspond very c l o s e l y  w i t h  
t h e  r e s u l t s  of a s i m i l a r  ana lys i s  of t h e  1962 F lo r ida  da t a  
(Smith, e t  a l . ,  1965) and show a peak i n  i n t e n s i t y  near 
xIII = 140° i n  t h e  center of the B source.  
Figure 5 must be considered w i t h  cau t ion ,  however, because 
t h e r e  is  appreciable  s c a t t e r  i n  t h e  ind iv idua l  p o i n t s  from 
which t h e  averages we,re obtained. Although t h e  r e s u l t s  might 
change with a better s t a t i s t i c a l  sample of d a t a ,  t h e  only 
s i g n i f i c a n t  t r end  i n  t h e  present  d a t a  is an i n d i c a t i o n  t h a t ,  
when a c t i v e ,  the  Io-control led B source is more in t ense  than 
t h e  A or C sources.  
The p l o t s  i n  
A catalogue of t h e  observat ions from which the  r e s u l t s  
d i scussed  above were compiled is given i n  Appendix A. 
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w i t h  1111 (Goddard d a t a  only) .  The dashed 
po r t ions  of t h e  curves  denote  r eg ions  of 
marginal s t a t i s t i c s .  
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APPENDIX A 
The fol lowing catalogue gives a day by day l i s t i n g  of 
t h e  observa t ions  discussed i n  t h i s  r e p o r t .  For each day, t h e  
f i r s t  column a t  each frequency, l a b e l l e d  "Observing period",  
g ives  t h e  Universal  Time of the beginning and end of t h e  i n t e r v a l  
over which u s e f u l  observat ions could be obtained. The second 
column l a b e l l e d  "Jupi te r  a c t i v i t y " ,  g i v e s  t h e  t i m e s  dur ing 
t h e  observing per iod when J u p i t e r  emissions a t  or above a l e v e l  
of about 5 x 10-22W/M2/Hz were observed t o  occur. The column 
l a b e l l e d  " I D  c l a s s "  notes  whether t h e  a c t i v i t y  was considered 
probable (2) or d e f i n i t e  (3) J u p i t e r  a c t i v i t y .  "T max" is t h e  
average value of t h e  peak antenna temperature due t o  J u p i t e r  
( i n  u n i t s  of lo3 OK) i n  each f i v e  minute i n t e r v a l  of a c t i v i t y  
re ferenced  t o  t h e  input  t o  t h e  r e c e i v e r .  To obta in  t h e  t r u e  
antenna temperature,  cor rec t ions  must be made for t ransmission 
l i n e  l o s s e s  (about 12 db), impedance matching, etc. The s t a t i o n  
a t  which t h e  observa t ions  were obta ined  and other remarks a r e  
given under the  column l a b e l l e d  "Notes" a s  fol lows:  
a 
G - Goddard, 
C - Carnarvon, 
1 - A c t i v i t y  t o o  weak for accura t e  Ta s c a l i n g ,  
2 - T not  s ca l ed  due t o  poss ib l e  simultaneous i n t e r f e r e n c e ,  
3 - T n o t  s ca l ed  due to minor equipment problem. a a 
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